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STACKABLE AGGREGATION FOR CONNECTION 
BASED ANOMALY DETECTION 

BACKGROUND 

[0001] This invention relates to techniques to detect net 
work anomalies. 

[0002] Networks allow computers to communicate with 
each other whether via a public network, e.g., the Internet or 
private networks. For instance, many enterprises have inter 
nal networks (intranets) to handle communication through 
out the enterprise. Hosts on these networks can generally 
have access to both public and private networks. 

[0003] Managing these networks is increasingly costly, 
while the business cost of dealing with network problems 
becomes increasingly high. Managing an enterprise network 
involves a number of inter-related activities including estab 
lishing a topology, establishing policies for the network and 
monitoring network performance. Another task for manag 
ing a network is detecting and dealing with security viola 
tions, such as denial of service attacks, worm propagation 
and so forth. 

SUMMARY 

[0004] According to an aspect of the invention, a system 
includes a plurality of collector devices that are disposed to 
collect statistical information on packets that are sent 
between nodes on a network. The system also includes a 
stackable aggregator that receives network data from the 
plurality of collector devices, and which produces a con 
nection table that maps each node on the network to a record 
that stores information about traf?c to or from the node. The 
stackable aggregator includes a manager blade, a database 
blade, and two or more, analyZer blades. 

[0005] The following embodiments are within the scope of 
the claims. The manager blade includes an event manager 
process for correlation and reporting of events to an operator 
console. Each analyZer blade is responsible for storing and 
analyZing approximately l/N of network data, where N 
corresponds to the number of analyZer blades in the aggre 
gator. One of the analyZer blades includes a dispatcher 
process that receives ?ow records and traf?c counters from 
network sensors and forwards ?ow records and statistical 
data on network tra?ic to a speci?c one of the two or more 
analyZer blades. The dispatcher process produces a hash of 
source and destination host IDs values in the ?ow records or 
statistic records received and uses the hash of the source and 
destination host ID’s to distribute the ?ow records or sta 
tistic records to particular analyZer blades. 

[0006] Each of the analyZer blades includes local storage 
for storing ?ow records. Each of the analyZer blades pro 
duces statistical data for its fraction of the network traf?c. 
Each of the analyZer blades examines statistical data to 
determine the presence of anomalies, and as the analyZer 
blades generate anomalies, the anomalies are forwarded to 
the event manager process. The analyZer blades receive ?ow 
records from the dispatcher process in the one of the 
analyZer blades that includes the dispatcher process. The 
database blade manages a database that stores a connection 
table. The connection table includes a plurality of records 
indexed by source address, destination address and time. 
The connection table includes a plurality of connection 
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sub-tables to track data at different time scales. Each blade 
comprising the aggregator includes at least two processors 
and memory associated with the at least two processors. 

[0007] According to an additional aspect of the invention, 
a method includes collecting statistical information on pack 
ets that are sent between nodes on a network and dispatching 
statistical information to one of two or more analyZer blades 
to produce a connection table that maps each node on the 
network to a record that stores information about traf?c to or 
from the node. 

[0008] One or more aspects of the invention may provide 
one or more of the following advantages. 

[0009] The system has a connection table distributed 
across multiple physical devices. The system is con?gured 
as a cluster of aggregator devices such that the aggregator 
can grow over time to meet additional processing load. Each 
host record and its associated host pair records have enough 
information so that the records can be processed indepen 
dently by analysis algorithms in the multiple hosts. Infor 
mation about different hosts can be dispatched to different 
aggregator devices and identical sets of algorithms can be 
run on all of members. Furthermore, individual analysis 
algorithms can be implemented as independent threads, in a 
multiprocessor platform. 
[0010] The details of one or more embodiments of the 
invention are set forth in the accompanying drawings and 
the description below. Other features, objects, and advan 
tages of the invention will be apparent from the description 
and drawings, and from the claims. 

DESCRIPTION OF DRAWINGS 

[0011] FIG. 1 is a block diagram of a network including 
anomaly detection. 

[0012] FIG. 2 is a block diagram depicting exemplary 
details of anomaly detection. 

[0013] FIG. 3 is a block diagram depicting a stackable 
aggregator. 

[0014] FIG. 4 is a block diagram depicting a connection 
table distributed over multiple aggregators. 

[0015] FIG. 4A is a block diagram of an alternative 
connection table distributed over multiple aggregators. 

[0016] FIG. 5 is a block diagram depicting a record in the 
connection table. 

[0017] FIG. 6 is a block diagram depicting an arrange 
ment of connection tables distributed over multiple aggre 
gators. 

[0018] FIG. 7 is a block diagram depicting a stackable 
aggregator. 

[0019] FIG. 8 is a block diagram depicting a blade con 
?guration for the stackable aggregator. 

[0020] 
blade. 

[0021] FIG. 10 is a block diagram depicting additional 
analyZer blades. 

FIG. 9 is a block diagram depicting an analyZer 

[0022] FIG. 11 is a ?ow chart of processes on the aggre 
gator. 



US 2006/0089985 A1 

[0023] FIG. 12 is a ?oW chart depicting a generalized 
process for detection of anomalies and classi?cation of 
events. 

[0024] FIG. 13 is a ?oW chart depicting event processing. 

DETAILED DESCRIPTION 

[0025] Referring to FIG. 1, an anomaly detection system 
10 to detect anomalies and process anomalies into events is 
shoWn. The anomaly detection system 10 detects denial of 
service attacks (DoS attacks), unauthorized access attempts, 
scanning attacks, Worm propagation, netWork failures, and 
addition of neW hosts in a netWork 18 and so forth. The 
system 10 includes ?oW collector devices 12 and at least one 
stackable aggregator device 14 and an operator console 16 
that communicates With and can control collector devices 12 
and the stackable aggregator device 14. The ?oW collector 
devices 12 and the stackable aggregator 14 are disposed in 
the netWork 18. The ?oW collector devices 12 connect to 
netWork devices, 15 e.g., sWitches, hosts, routers, etc. in line, 
or via a tap, e.g., using mirror, SPAN ports or other passive 
link taps. 

[0026] In some embodiments, the ?oW collector devices 
12 collect information such as source and destination 
addresses, transport protocol, source and destination ports, 
?ags, and length. The ?oW collectors 12 periodically send 
the information to the stackable aggregator 14 alloWing the 
stackable aggregator 14 to store in a connection table, by 
port and protocol, a record of the number of packets, bytes, 
and connections betWeen every host pair observed by the 
?oW collector 12. In addition, the ?oW collector devices 12 
send summary information concerning ?ags seen on TCP 
packets. The ?oW collector devices 12 also collect connec 
tion information to identify host connection pairs. 

[0027] Referring to FIG. 2, ?oW collector devices 12 are 
disposed to sample or collect information from netWork 
devices 15, e.g., sWitches, as shoWn. The ?oW collector 
devices 12 send ?oW data information to the stackable 
aggregator 14 over the netWork 18. The ?oW collectors 12 in 
one con?guration sample all tra?ic from a doWnstream 
network 1911 provided that the tra?ic traverses the sWitches 
15, Whereas in another con?guration the collectors 12 
sample tra?ic from doWnstream netWork 19b that enters and 
leaves the sWitches 15. 

[0028] FloW records are established from ?oWs received 
from the collectors 12. The ?oW records represent individual 
?oWs, Whereas the connection table stores statistical data of 
bytes/second, packets/ second, connections/hour statistics, 
and so forth over various periods of time, as discussed beloW 
alloWing comparisons to historical data. The data collectors 
12 are devices that are coupled actively or passively on a 
link and collect the above-mentioned ?oWs. Data collectors 
12 are connected via a tap or can span a port on a monitored 

device (e.g., router, etc.) over intervals of time. 

[0029] Over such intervals of time, e.g., every 30 seconds, 
the data collectors 12 send ?oW records to the stackable 
aggregator 14. The ?oW records are sent from the collector 
to the aggregator over the netWork being monitored or over 
a hardened netWork (not shoWn). Preferably, the ?oW 
records are sent using a reliable protocol such as “Mazu 
Pro?ler Control Protocol”“MPCP” or other reliable proto 
cols, e.g., those such as Transmission Control Protocol 
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(TCP) or those built on TCP to insure either delivery of all 
?oW records or indication of missing records. 

[0030] There are a de?ned number of sources, a de?ned 
number of destinations, and a de?ned number of protocols 
on a given netWork. Over a de?ned interval (e.g., 30 
seconds), the data collectors 12 monitor all connections 
betWeen all pairs of hosts and destinations using any of the 
de?ned protocols. At the end of each interval, these statistics 
are summarized and reported to the stackable aggregator 14. 
The values of the collected statistics are reset in the data 
collectors after reporting. 

[0031] If more than one collector 12 saW the same source 
and destination communicating, the folloWing could have 
occurred. The collectors 12 could be deployed in a Way such 
that only one collector saW the communication, or such that 
each saW a portion of the communication due to a routing 
change. Alternatively, the data collectors 12 could be 
deployed “in series,” such that tWo or more saW the entire 
communication. Since route changes occur infrequently 
(e.g., at long intervals, relative to the length of a ?oW), the 
stackable aggregator 14 assumes that different collectors did 
not each see a portion of the communication. The maximum 
of tWo received values is taken as a value for the connection 
and it is assumed that the loWer value re?ects dropped 
packets. Other arrangements are possible. 

[0032] Referring to FIG. 3, the stackable aggregator 14 is 
a device (a general depiction of a general purpose computing 
device is shoWn) that includes at least a pair of processors 
30, memory 32 and storage 34. Other implementations such 
as Application Speci?c Integrated Circuits are possible. 
Each unit of the stackable aggregator 14 includes processes 
36 to collect ?oW data from ?oW collectors 12 or probes 12a, 
processes 37 to store ?oW records, and processes 38 to 
produce a connection table 40 from the ?oW data or ?oW 
records. In addition, the aggregator includes anomaly analy 
sis and event process 39 that use connection table data and 
?oW records to detect anomalies and process anomalies into 
events that are reported to the operator console or cause the 
system 10 to take action in the netWork 18. 

[0033] Anomalies are detected by examining data in the 
connection table. The anomalies can be identi?ed as events 
including denial of service attacks, unauthorized access 
attempts, scanning attacks, Worm propagation, netWork fail 
ures, addition of neW hosts, and so forth. FloW records are 
the main source of data for the connection table discussed 
beloW. From the ?oW records, as further discussed beloW, 
long update and short update connection tables for heuristics 
and so forth are produced. FloW records are also recorded on 
disk (in ?oW logs) and used to compute aggregate statistics 
for reporting and to document netWork activity over time 
(for forensic purposes). 

[0034] Referring to FIG. 4, the connection table 40 is a 
series of data structures that map each host (e.g., identi?ed 
by IP address) to a “host object” that stores information 
about all tra?ic to or from that host. In this embodiment of 
the connection table, the connection table 40 is distributed as 
multiple units 401 to 40N across an N unit stackable aggre 
gator 14. A distribution of ?oW records is produced for 
storage in different ones of the connection table. The con 
nection table 40 is organized according to, e.g., a hash of a 
source address in one dimension, a hash of a destination 
address in a second dimension and time in a third dimension. 
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The time dimension allows a current record and historical 
records to be maintained. Details of the stackable aggregator 
14 and the connection table partition are discussed below. 

[0035] Using IP addresses to uniquely identify hosts could 
be inadequate in environments With Dynamic Host Con?gu 
ration Protocol (DHCP) assignments. Thus alternatively, the 
administrator can con?gure a DHCP server to produce a 
MAC address to IP address map. The MAC address to IP 
address map is sent as a ?at ?le to the stackable aggregator 
14. Thereafter, When a collector 12 reports an IP address and 
counter to/from values, the stackable aggregator 14, for each 
IP address checks in the most recent map. If the IP address 
is found in the map, then the host is managed by a DHCP 
server, and the host ID is the host’s MAC address, otherWise 
the Host ID is the host IP address. 

[0036] The host object, e.g., 40a of a host “A” also maps 
any host (IP address) “B” With Which “A” communicates to 
a “host pair record” that has information about all the traf?c 
from “A” to “B” and “B” to “A”. This tWo-level map enables 
the system 10 to e?iciently obtain summary information 
about one host and about the traf?c betWeen any pair of 
hosts, in either direction. 

[0037] The connection table 40 uses a hash map from host 
identi?ers (IP or MAC addresses) to “Host” objects, as 
discussed. Each Host object maintains aggregate traf?c 
statistics for the associated host (“H”), and a hash map (a 
2nd level hash map) from host identi?ers (IP addresses) of 
peers of host H (i.e., hosts that host H had communicated 
With) as “HostPair” objects. Each HostPair object maintains 
traf?c statistics for each pair of hosts (H and H’s peer). To 
alloW more ef?cient analysis, HostPair objects are dupli 
cated across Host objects. For instance, the HostPair “AB” 
is maintained both in the hash map Within Host “A” and in 
the hash map Within Host “B.” Group information is embed 
ded in the connection table, With each Host object storing 
information about the group that the associated host 
belonged to. The connection table 40 maintains a list of all 
groups and their member hosts. 

[0038] Referring to FIG. 4A, in an alternative implemen 
tation 41 of the connection table 40, the connection table 41 
is split into tWo hash maps 41a and 41b, a “host hash” map 
41a and a “host pair” hash map 41b. The “host hash” map 
41a maps host identi?ers (IP or MAC addresses) to neW 
Host objects 43. Each neW Host object 43 has the aggregate 
traf?c statistics for the associated host, as Well as a list of the 
host identi?ers (IP or MAC addresses) of all the peers of that 
host 44. The “host pair” hash map 41b maps pairs of host 
identi?ers to Host Pair objects 45 that maintain traf?c 
statistics 46 for pairs of hosts. In this implementation, Host 
Pair objects 45 need not be longer duplicated, as discussed 
above. 

[0039] For example, if host A and host B communicate, 
then the host map has a Host object 43 for A that lists B as 
a peer, the host map has a Host object 43 for B that lists A 
as a peer, and the host pair map has a Host Pair object 45 for 
AB. Group information is stored in a separate table 47 that 
is loaded, saved, and otherWise managed separately from the 
traf?c statistics in the connection table. Group information 
does not need to be in memory unless it is actually needed. 

[0040] Factoring out the group information and moving 
from many hash maps (top level map, plus one 2nd level 
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map per Host object) to just tWo makes this implementation 
of the connection table more compact and decreases 
memory fragmentation, improving aggregator performance 
and scalability. 

[0041] In one embodiment, only “intemal hosts” (de?ned 
based on con?gurable IP address ranges) are tracked indi 
vidually, as described above. The aggregator 14 buckets all 
other (“extemal”) hosts into a ?xed number of bins accord 
ing to 8-bit or 16-bit CIDR (Classless Inter-domain Routing) 
pre?x. This approach preserves memory and computational 
resources for monitoring of the internal netWork 18 but still 
provides some information about outside traf?c. Other 
arrangements are possible, for instance, bucketing can be 
turned oif if desired, so that each external host is tracked 
individually. 
[0042] Referring to FIG. 5, exemplary contents of the host 
object 4011 are depicted. Similar statistics can be collected 
for host objects 43. As shoWn, the contents of the host object 
40a in the connection table 40 include a measure of the 
number of bytes, packets, and connections that occurred 
betWeen hosts during a given time-period, here on a daily 
basis. Data is broken doWn per-protocol for every Well 
knoWn transport protocol (e.g., TCP, UDP, ICMP, and the 
132 others de?ned by the “Intemet Assigned Numbers 
Authority” and for several hundred Well-knoWn application 
level protocols (e.g., SSH, HTTP, DNS, and so forth). For 
every application-level protocol, and for every pair of hosts 
“A” and “B”, the Connection Table stores statistics for traf?c 
from host A to host B and from host B to host A both for the 
case Where “A” is the server and the case Where “B” is the 
server. UnknoWn protocols are counted together. 

[0043] Since most hosts only use a small fraction of the 
Well-knoWn protocols, the footprint of the data structure is 
kept manageable by storing protocol-speci?c records as 
(protocol, count) key-value pairs. Further, since the protocol 
distribution is typically skeWed (a feW protocols account for 
the majority of traf?c on each host), key-value pairs are 
periodically sorted by frequency to improve amortized 
update time. 

[0044] Individual host records have no speci?c memory 
limit. If a particular host connects With many other hosts and 
uses many protocols, all that information Will be recorded. 
HoWever, the total memory used by the aggregator 14 is 
bounded in order to avoid denial of service attacks on the 
aggregator 14. For example, an attacker spoo?ng random 
addresses can cause the Aggregator 14 to allocate neW host 
structures and quickly consume memory. If an aggregator 
ever exceeds a memory utiliZation threshold “m_{hi}”, it 
de-allocates records until its memory utiliZation falls beloW 
“m_{hi}”. Several different algorithms can be used for 
picking records to de-allocate. Some of the algorithms that 
can be used include random eviction, picking loW-connec 
tivity hosts ?rst, high-connectivity hosts ?rst, and most 
recently added hosts ?rst. Similar measures are also taken on 
the probes 12 to ensure high performance and limit Probe 
Aggregator communication overhead. 

[0045] Referring to FIG. 6, the aggregator 14 uses differ 
ent connection tables 40 to track data at different time scales. 
A ?rst connection table 4911 is a time-slice connection table 
that operates on the smallest unit of time, e.g., (a time-slice}. 
A time-slice can be e.g., less than 30 seconds to maybe 
several minutes. The time-slice connection table is the sum 
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of records received from all collectors during that the 
time-slice period, corrected for duplicates. 

[0046] Aggregator analysis algorithms 39 operate prima 
rily on a short update period (SUP) Connection Table 49b, 
Which is the sum of time-slices across a period of, e.g., 10 
to 30 minutes. A set of SUP connection tables is summed 
into a third connection table 490 covering a long update 
period (LUP), e.g., 2 to 24 hours. For each recorded param 
eter (such as TCP bytes from host “A” to host “B”), SUP and 
LUP tables track both the sum and sum of squares of values 
of the recorded parameter. These tWo values alloW the 
aggregator to compute both the mean and variance of the 
recorded parameter across the table’s time period. Given 
“N” samples x1, x2, . . . xn mean is sum over the period of 

the samples divided by the number of samples. The variance 
is derived from the mean and sum of squares. 

[0047] At the end of each long update period, that period’s 
values are merged into a pro?le connection table that 
includes historical information for the corresponding period 
of the Week. Merging uses the equation beloW for each value 
in the pro?le table. For instance, a LUP table covering the 
period 12 pm to 6 pm on a Monday is merged into a pro?le 
table With historical information about Mondays 12 pm to 6 
pm. Values in the pro?le table are stored as exponentially 
Weighted moving averages (EWMAs). At time “t”, a neW 
value “xt” (from the LUP table, for example) is added to the 
EWMA for time “t-l”, denoted by “mt-1”, to generate a 
neW EWMA value according to the following Equation: 

[0048] Where “1” can be tuned to trade off responsiveness 
to neW values against old values. Exponentially Weighted 
moving averages (EWMAs) provide a concise Way of rep 
resenting historical data (both values and variance) and 
adapting to gradual trends. Recent data is compared to 
historical pro?les from the same time of, an historical time 
span, e.g., a Week because the Week is the longest time span 
that generally shoWs Well-de?ned periodicity in traf?c pat 
terns. By spanning a Week, the approach covers diurnal 
cycles and Week/Weekend cycles. Recurring events With 
longer time periods, for example, monthly payroll opera 
tions are less likely to shoW similarly Well-de?ned patterns. 

[0049] Referring to FIG. 7, the stackable aggregator 14 
has the connection table 40 distributed as connection tables 
401-40N across multiple physical hosts, e.g., multiple physi 
cal aggregator devices. The stackable aggregator 14 is 
con?gured as a cluster of aggregator devices 14l-14N, such 
that the stackable aggregator 14 can groW over time to meet 
additional processing load requirements. Each host record 
and its associated host pair records have enough information 
so that the records can be processed independently by 
analysis algorithms. Information about different hosts can be 
dispatched to different aggregator devices 141-14N, and 
identical sets of algorithms can be run on all the aggregator 
devices 141-14N. Individual analysis algorithms can be 
implemented, as independent threads, in a multiprocessor 
platform. 

[0050] Referring to FIG. 8, an implementation of the 
stackable aggregator 14 of FIG. 3 is shoWn. The stackable 
aggregator 14 distributes storage of netWork data and execu 
tion of security heuristics across tWo or more hardWare 
devices. One implementation of the stackable aggregator 
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platform 14 is as a blade con?guration. The blade con?gu 
ration includes a mechanical chassis (not shoWn). The 
chassis provides poWer, netWork connectivity, and various 
diagnostics for each blade. The blade chassis (not shoWn) 
provides poWer, netWork connectivity, and some shared 
resources (e.g., CD-ROM drive) to the blades. The blade 
center chassis runs management softWare such as IBM 
Director Management softWare. 

[0051] The stackable aggregator 14 includes a plurality of 
removable “blades” shoWn as blades 601 to 60N. Each blade 
601 to 60N is analogous to a traditional rack-mounted server 
device including multiple processors, e.g., tWo processors, 
RAM, and local disk storage. The blades are programmed to 
provide speci?c functional tasks discussed beloW. 

[0052] The stackable aggregator 14 includes a manager 
blade 62, a database blade 64, and tWo or more, e.g., N 
AnalyZer blades 601 to 60N, as shoWn. The manager blade 62 
includes an Event Manager process 66 used for correlation 
and reporting. Each AnalyZer blade 601 to 60N runs one or 
more softWare components, as discussed beloW. On an 
N-blade analyZer system, each analyZer blade is responsible 
for storing and analyZing approximately l/N of the netWork 
data (both connection tables and How logs). 

[0053] The manager blade 62 assembles and correlates 
anomaly/event information from the analyZer blades, 60} 
60N provides user interface functions, e.g., a Web-based 
GUI, and query tools (Web-based GUI and command-line). 
The manager blade 62 handles SNMP traps for event alerts. 
A broWsable SNMP MIB manager blade generates SNMP 
traps for event alerts and provides a broWsable SNMP MIB 
(Management Information Base) that operators can query 
via standard SNMP tools. 

[0054] The Event Manager process 66 receives anomaly/ 
event information from the AnalyZer blades 60l-60N, via 
MPCP. The event manager process 60 is accessible via a 
control socket from local host for con?guration purposes, 
stores event information in a database on the database blade 
64. 

[0055] The database blade 64 runs the database 69, e.g., a 
relational database such as the Postgres Linux based data 
base product. The database 69 stores statistical pro?les, 
events, and all system con?guration information (user 
accounts, heuristics settings, alert thresholds, etc.). Other 
database products and techniques could also be used. 

[0056] Referring noW to FIG. 9, one of the AnalyZer 
blades, e.g., AnalyZer_160l runs a dispatcher process 70. 
The dispatcher process 70 receives ?oW records and traf?c 
counters from netWork sensors including data collectors 12, 
as Well as How probes and similar devices, discussed above. 
From these data collectors, ?oW probes and devices, statis 
tics and/or ?oW records are produced and forWarded to a 
speci?c one of the analyZer blades 601 to 60N by the 
dispatcher process 70. The speci?c one of the analyZer 
blades 601 to 60N is responsible for populating a correspond 
ing one of the connection tables 401 to 40N. 

[0057] The dispatcher process 70 insures a relatively even 
distribution of How records by producing a hash of source 
and destination host IDs values in the How record or statistic 
record. The How records are thereafter distributed to speci?c 
analyZer blades 601 to 60N based on the hash (of that record 
or counter’s source and destination host IDs IP or MAC 
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addresses). The dispatcher process 70 forwards the statistic 
record or How record to the appropriate one of the Analyzer 
blades 601 to 60N. 

[0058] ANALYZER BLADE_160l running the dispatcher 
process 70 is the entry point of network data into the 
stackable aggregator 14. As With other analyzer blades 602 
to 60N discussed beloW, ANALYZER BLADE_1 is respon 
sible for maintenance and analysis of a fraction (approx l/N) 
of the connection table 40, and for storage of a fraction 
(approx l/N) of the How logs. 

[0059] In a particular implementation of the system, the 
dispatcher 70 receives ?oW records via the Mazu Pro?ler 
Control Protocol (MPCP) from the collectors 12. The dis 
patcher 70 receives IP Counters via MPCP from a local 
Netscout component. The dispatcher 70 is accessible via a 
control socket from the Manager blade 62 and local host, for 
con?guration purposes. For each ?oW record and IP 
Counter, the dispatcher 70 uses a hash function of the host 
IDs (IP or MAC addresses) to determine Which of the 
Analyzer blades_1-N 601 to 60N should maintain that infor 
mation. The dispatcher 70 forwards the How records and IP 
Counters to the Analyzer component on the appropriate 
analyzer blade 601 to 60N, via MPCP. 

[0060] The hash function maps the host IDs (IP or MAC 
address) of the source and destination hosts of a How record 
or IP counter to an integer betWeen 0 and N-l . If both source 

and destination hash to the same value, the How record or 
counter is sent to the one corresponding Analyzer blade. If 
the host IDs hash to different values, the data is duplicated 
and sent to both corresponding Analyzers. 

[0061] The analyzer 601 receives the How records from the 
Dispatcher 70 via MPCP. The analyzer 601 receives data 
corresponding to approximately l/N of the hosts monitor by 
the N-blade aggregator 14. The analyzer blade 60l builds 
statistical pro?les of the netWork data, compares most recent 
data to statistical pro?les and runs security heuristics. The 
analyzer 601 is accessible via control socket from the Man 
ager blade 62 and a local host for con?guration purposes. 
The analyzer 601 stores ?oW logs to ?les on a local ?le 
system. The analyzer 601 supports storage of How logs on a 
remote netWork-attached storage (NAS) appliance. The 
Analyzer stores pro?les in a database on the database blade 
64 and sends anomaly/ event information to Event process 66 
on the Manager blade 62 via MPCP. 

[0062] Although conceptually the Analyzer can be vieWed 
as one component, the analyzer can include multiple, e.g., 
tWo processes, analyzing and pro?le-updating. After the 
analyzer 601 collects traf?c data for the latest instance of a 
period, e.g., (“long update period”), the analyzer 60 1 uses the 
data to update the connection table, e.g., to update an 
exponentially-Weighted pro?le. Inter-process communica 
tion occurs, e.g., via Unix signals. 

[0063] Query tools provide various traf?c statistics based 
on How records stored in How logs. Statistics can be broken 
doWn by time, by hosts or pairs of hosts, by groups of hosts, 
by protocols, etc. The query tools can read traf?c data from 
How logs, Write output to a Unix “stdout” routine, e.g., an 
output routine or to a ?le. 

[0064] Referring to FIG. 10, remaining analyzer blade(s) 
602 to 60N are shoWn. Each analyzer blade 601 to 60N 
(Analyzer 1 (FIG. 8), and Analyzer 2 through Analyzer N in 
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FIG. 8) produces pro?les for its fraction of the netWork 
tra?ic, and runs security heuristics in parallel to all other 
analyzers. The analyzer blades forWard anomalies to the 
Event Manager process 66 on the Manager blade 62, as the 
anomalies are generated. The Manager blade 62 runs a user 
interface, as Well as SNMP noti?cation mechanisms, and so 
forth. The analyzer blades 602 to 60N (Analyzer 2 through 
Analyzer N) are each responsible for maintenance and 
analysis of a fraction (approx l/N) of the connection table, 
and for storage of a fraction (approx l/N) of the How logs. 

[0065] Each of the analyzer blades 602 to 60N (Analyzer 2 
through Analyzer N) receives ?oW records from the dis 
patcher process 70 in Analyzer 1601 (FIG. 8), via MPCP. 
The analyzer blades 602 to 60N (Analyzer 2 through Ana 
lyzer N) each receive data corresponding to approximately 
l/N of the hosts monitor by the N-blade aggregator system 
and builds 38 statistical pro?les of netWork data for its 
portion of the connection table 40. 

[0066] The analyzers 602 to 60N compare most recent data 
to pro?les and run security heuristics e.g., analysis processes 
39. The analyzers 602 to 60N are accessible via a control 
socket from Manager blade 62 and local host, for con?gu 
ration purposes. The analyzer 602 to 60N stores ?oW logs to 
?les on its respective local ?le system 612 to 61N and can 
store ?oW logs on a remote netWork-attached storage (NAS) 
appliance. The analyzer blades store pro?les in database 69 
on database blade 64, sends anomaly/event information to 
event manager process 66 on manager blade 62 via MPCP. 

[0067] As mentioned, Query tools to provide various 
tra?ic statistics based on How records stored in How logs, as 
discussed above, can be used. Statistics can be broken doWn 
by time, by hosts or pairs of hosts, by groups of hosts, by 
protocols, etc. 

[0068] A Query Scheduler periodically (e.g., 30 seconds) 
checks to see Whether it is time to run any user-scheduled 
queries. Users de?ne scheduled queries via a Web-based 
GUI. Scheduled queries are like interactive queries except 
that they are con?gured to occur at prede?ned times. Sched 
uling information is stored in the database on the database 
blade. The Queries and results are stored in the local ?le 
system (not shoWn) in the analyzer blade. 

[0069] The query tools on the Manager blade 62 differ 
from those on analyzer blades. Whereas query tools on the 
Analyzer blades 60 read data directly from local ?oW logs, 
the query tools on the manager blade 62 connect to Analyzer 
blades 60 via a secure protocol, e.g., the secure shell 
protocol (SSH) and invoke the local query tools on each 
Analyzer 601 to 60N. The Analyzer blade queries run in 
parallel, and their outputs are sent back to the Manager blade 
over the (SSH) connections and merged by the Manager 
query tools. The Manager query tools save the merged 
output to a ?le that can be used by the manager to generate 
appropriate reports. 
[0070] Referring to FIG. 11, the stackable aggregator 14 
also includes analysis processes 39 to detect netWork events. 
Such processes 39 can include a process 39a to detect 
bandWidth denial-of-service attacks, a process 39b to detect 
scanning and probing intrusions, a process 390 to detect 
Worms, a process 39d to detect unauthorized access, a 
process 39e to detect neW hosts on the netWork, and a 
process 39f to detect failure of hosts or routers. Other events 
can also be detected by addition of corresponding processes. 






